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From the New York Trlfeune. 1J

A large and appreciative audience as
sembled last evening to listen to the
third lecture of Prof. Agassiz. The par-
ticular sulject Delected for the lecture
was "The Ancient Glaciers under, the
Tn.pics." Oncoming forward the speaker
was received with applause. He then
said :

I.adie mmd QtmMi aim ; I'nder the
pressure of materials crowding for pre-

sentation at the close of my last lecture,
I omitted two statements which I would
now lu the first place. I would
say to those who seek for relaxation and
pleasure in travel, that the valley of the
Amazon is at present accessnne once a
month from New York in spleudid
steamers, and from Para twice a month
for the whole length of the Amazon,
with accommodations so comfortable
tbat our riversteamers have nothing
better to offer. The other statement I
want to make, is for the lM?nrit of those
who are looking for private commercial
relations with Brazil, and especially with
the valley of the Amazon, that all the
spices of the east, the pepper, the clove,
the nutmeg, camphor, aud the like, have
leen cultivated iu the neighborhood of
Para, and might be cultivated to such
advantage that that country could, un-

der skill'ul management, share the bene-
fit of the commerce which is now exclu-
sively iu the hands of European nations.
And "now let me call your attention to
the subject of this evening's lecture,
"The Ancient Glacier under the
Tropics." And at first I would say a
few words upon the interest which at-

taches to the study of the glaciers. It is
not loug since the study of the glaciers
was an accident in the study of physn al
eeography. They were mentioned as
curious accumulations of snow formed on
tne summits of certain mountains, and
adding to the beaut v of the scenery : but
the influence of the g'aciers then did not
tro bevond that which is derived from
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The study of their formation: the study
of the changes which they undergo ;

the- - study of the greater exteu-sio- n

and range which they have occu-

pied in former times; the which
have been traced of their presence in
countries where they are no longer to be
found; the further tracing of their for-

mer presence very far from the regions
where they occur at present, have satis-
fied treoloiiists that our globe has under
gone chauires of temperature which were to find
not at ail suspected before these investi- - bergs
gations were maiie. And it 1 am uot
mistaken, I be able to prove
to you that was a time preceding
immediately the establishment of the
state of things which prevails now upon .

the surface of the globe, and follow-
ing the last geological convulsions,
which have made our earth what it is
now ; during which the whole surface of
the globe was covered by masses
of ice as thick, an extensive, as
eompac-t- , as thi.ee which nowa-
days are limited to tiie Artie regions.
So that a period of intense cold would
have followed those hypertronical periods
iu geological history which have pre-

ceded the coming of man upon the earth.
And if this be so, you se that the study
of the glaciers may well deserve our at-

tention, and that aere it only to test the
value of the doctrine which advance,
you may perhaps feel ii.clined to give
me your hearing during this evening.
Applause.1 In order to lie able to track

the glaciers everywhere where they have
been, and where they are no longer, it is
necessarv to become :u"iusinted with the
signs which Ihey leave where they have
been when they disappear ; to become
familiar with the indications of their
former presence. And this can only lie
reached bv a study of the glaciers as
thevarenow. I therefore call your at-

tention, first, to the summits of the Alps,
where I had the best opportunities of
studying the glaciers at our days, and
then gradually Invite vou to travel over
those regions over which the glaciers
themselves have moved, aud perhap- - we
shall see that even where the tropical .

sun of to day shines, there was at one
time a field" of ice esti-uditi- over the
valley of the Amazon, extending twward
the Atlantic, ami rhaps covering the
sea to such au extent, that the ipuestion
may be fairiy askid, as it. is now asked
at the polar region, whether there was

issu water under the equator ; (jo far,
do I believe, does the evidence go. So
extensive, I am satisfied, have the
changes of the temperature upou
the surface of the globe been. And
If this be so. you see at MM how
this intense cold must have modi-
fied the surlac of the globe to
the extent of excluding life
from its surface of interrupting
the normal course of the vital phenom-
ena, and preparing the surface of the
earth for the new creation which now
exists Uhiu it. I attach great importance,
in a philosophical point of view, to the
study of this ice period, because if it can
be demonstrated that such wa once the
condition of our earth, it will follow that
the doctrine of the titiiiMuiittiiiou of the
species, and of the descent of ttieunimals
tbat live now, from those of past days, is

at the root by this winter which put
an ertd to all living beings on the surface
of the globe. Applause. Now, what
do we have'.' '1 he accumulation of snow
ami ice gradually passing a more

coudition into a more Icy condi-
tion, 'and descending from the bights
where suow falls into the regions w here
theiceaud snow melt every summer.
Such are the glaciers and in their ap-
pearance they present unusual beauty.
The snow which accumuiates at
certain hightn above the level of
the sea. or the plain within Uie Arc-
tics, melts only where the aversge

of the year is above thirty-tw-

degrees. Where the average tempera-
ture remains i ii in y-- wo, the snow
uixy accumulate ; a:id where large
masse accumulate, the snow , if it move
from the place where it fulls, may be
preserved evt u where the tenerature is
above thirty-two- . This is what takes
place iu the Alps. We have unlortu- -

nalelv no glacier region on the eastern
side of this continent. There are glaciers
only iu the l! ;cky mountains, and on
the whole ranga of high summits, which
extend from the K cky mountains to the
southern extremity of South America,
varying in bight according to the average
temperature of the dilt'eretit levels.
Within the Arctic regions the level at
which the snow remains ierpetually

the ground Is at the level
of the sea. And this coudition
ol things prevails on this continent, es-

pecially iu its eastern part, further to the
south than iu Kurope aud northwestern
Asia. Aud Irom that level, which is
about sixty degrees northern latitude iu
ireeuiaud, and about seveuty or seveuty.

one degree northern latitude iu Kurope,
i the suow fails remain on the highlauds at

higbei and higher levels as you approach
nearer and nearer the to the ex-

tent that under the tropics, the lapd of
perpetual suow rises to H.'JUU feet , while
in the temperate regions, under latitude
of forty-fiv- e degrees say. the lltght at
which the suow remains pcttuaneu'ly n
the griiuual is about Uuuu feet above the
level of the sea. Thaft is the bight at
wbicb till) suow remains ou the ground
throughout the year in the Alps of Swit-- I

:.:. Aud yet if you examine the
valley of the Alps, you will find that
'.lu re is uu uniformity iu the level at

' which sutjw is periaueui, no, at which
theglacteraoooiedowu into the valleys, for
the obvious reasons tnat the lueijiialitieaof
the surface to ailed the local tempera-
ture, aud in many localities, which are
an much us or nine thoiii-an- fett

from the souiu may sweep iu such a
manner as to awsy the winter
aoow early in the auuimer; while in

ther regions, protected from the soften-
ing influence 'of th warm
wiuds, and, on contrary, open to the
the oold inljuence of noithern winds,
now may remain permanently even

iielow averdfced level of the perpetual
HOW. AUU tueu. moving

aeeitmnlalinna nfannw into lower vallevs End nerhst never does the glafief lOO l"M)HB

and though tbey there even meet a
higher climate, there is such a maiw of
snow that even in its downward descent
into the warmer valleys it is preserved,
to a great extent. In the valley of the
C'hamouni, I10O feet above the level of
the cea, you see these masses of ice
come "down from the mountains. In
some of the other valleys of the Bernese
Oherland, the snow descends to nearly
'.oik. feet above the level of sea ;

while iu other region their lower ex
treme as high as line phere; just as rty imto - jnow are
perpetual snow bein a aijove il timer uiitereut romm'"" " -- v "c ' - -
feet. Now, this accumulation of masses
of ice in certain particular valleys is
owing to the form of the ground upon
which the large masses of snow may
accumulate during the winter. Just as
you see iu your streets here, where snow
has been drifted, ice will 1 formed ty
alternate transformation-t.- y alternate
thawing and freezing of that snow. And
this ice formed out f the snow may re-

main in sheltered places much
longer than the snow in other parts. In
fact, formation of the glacier is very
similar to the formation ice on our
plains, in consequence of the fall
of snow and changes which the
snow undergoes during the alternate
modifications of th temperature. Iu
order snow and hail, which are e

ui vv

onlv frma In water fa. Is ni a v be foi mod. w Ii :cti are pecun.-r- , auu
from may be transformed which cause such chauges

glacier masses ground upon which glacier
of it is necessarv tbat pressure rests me presence oi me
thawing should take place, in conse-
quence of which the snow becomes tilled
with water, and then that of the
snow which has been melted freezing
with that which has remained in a crys-talize- d

condition, sort of loose,
porous ice, aanawy mass which grad-
ually, by the repetition of that process,
is transformed into a solid, compact mass
f ice widely different from any ice

formed by frost upon the surface of water.
Glacier ice has noue of properties
of ordinary ice except that it is frozen
water, for in its structure it is totally dif-
ferent. When a of ice is for..ied
upon surface by the accumulation of
little crystals, sometimes rising from
bottom, sometimes formed at the very
surface, and forming an even layer on
the whole surface of the water, and
gradually growing in thickness by
successive accunjiation of similar
layers, until the lower temperature of
the season beine exhausted, the water i.

covered by a sheet of ice of the thickness
which the climatic condition of coun-
try may permit And that ice, when
examinel carefully, will be found to Is?
stratified, that is, it presents division iu
layers which mark the successive stages
of frost during alternation of
temperature of day and night during

alternations of temperature which
are above and below thirty-tw- o degrees
Fahrenheit. Water freezes only when
the temperature falls below, when
frozen, it may be retained in
large masses when the temperature rises
above. And so, during- - these intervals

lower surface of the which re-

mains on the water may become so mod-
ified by bubbles and by impurities
contained in water, that when a new
layer of ice is formed underneath, and
uuder different conditions of temperature,
lliat the new layer differs from the
ilreailv formed. And when you exam

which is at or occupying this ithird
brought jour table, you will see
that even iu small pieces there are indi-
cations of stratification resulting from
the manner in which the ice is formed.
Now, glacier ice is totally different, and
the fact that it differs in its structure so
much, enables any one familiar with
these differences to recognize these im-
mense floating icebergs which we see on
the Atlantic, aud to ascertain that they
M not sea water, but glacier ice

formed on land, advanced into the ocean,
broken from mass with which they
were attached and then floated away.
For like glacier ice, all these floating it

Q"P1D picturesque beautv these masses of bergs show an
I !

i. It is no from that of frozen water
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formed upon pouds. The difference
urises from the transformation of the
layers of suow both by pressure anil by
t hawing. These masses of glacier ice arc
granular, like a kind of pKddiug stone,
cemented together by water frozen into
intervals, aud you can readily ascertain
that difference of structure y examin-
ing the manner in which these
two kinds of ice melt. It has been
a matter of wonder to seafarers

that these immense
disappear, vanish

as it were In a tew minutes, wnile
a mass of Ice formed on water,
which would have these dimensions,
takes a long lime to melt, because It
melts at the surface and gradually dimin-
ishes ita bulk. But ice from glaciers,
owing to its peculiar constitution, and to
one remarkable property of ice, which
is its transparency to beat, will permit

sun's says to penetrate Its interior, to
raise simultaneously the temperature of
all the little iutervals which intervene
between the fragmenN cemented to-

gether, and then disintegrating in mass,
an immense iceberg may crumble to
pieces and le decomposed iuto small
fragments the size of a knob nr an

and then all the fragments melt
away very rapidly ; so that this will
explain -- anni disappearance ot large

. el.eii.--s when they have floated into
temperate regions, and when they are
affected by the temperature of lower
latitudes. 1 must call your attention to
that fact of the transparency of
ice to heat, because I shall have
to resort to it to explain
another curious phenomenon in the
glacier. Suppose we have here a law
lire, aud I place between the fire antl
myself a large glass screen a large pane
of glass; through pane at a
glass, aud m the lire antl t!ie r.iaze, uu:
I not feel the heat, because although
it i9 transparant to light, it is opaque
to the heat heat does readily pas
through glass. Hence it ie that we
make windows glass, which interferes
with the change of temperature from
within and without. Take instead of
such a glass screen a plate of ice, au ice
screen, aud place it between you aud the
lire, and 3'ou have same phenome-
non, as to vlewiug the light the blaze
will lie seen but the heat will pmm
through it. A of ice is as
transparent to heat as a pane of glass is
transparent to light. So that through a
sheet ice on the surface of a lake,
wbeu the sun shines upon water,
stoues on the bottom receive heat ; and
in tbat manner air bubbles arc made to
rise constantly. Through a large mass
of ice, a rock which Is at some depths
under surface of ice may be
heated in such a maimer that iu conse-
quence of it rock may lie exposed
aud will appear. Huppose that we have
here illustrating sketches upon the
blackboard the surface of the glacier ;

that we have here the inequalities of the
bottom over which the glacier moves;
aud that here is a high rock over wlm--

it pa.--c- top of it being only twenty,
thin. ot fifty feet below surface.
That' rock w"il! be so heated through
the ice that the ice
abtive it, ami any
the surface of
with it say a boulder,
a lariie stone which

will melt away
materials upon
glacier moving
for instance, or

fallen upon
surface of the glacier anil which

is carried along witii glacier as it

moves down, wheu it comes to this
point, where the is hollowed by

operation of rock below, that
stone will full upon this point, ami will
no longer be carried iorward. A glacier
has very different aspects in its dif-

ferent parts, tsqppoae we have here
illustrating by a sketch mountain ine-

qualities, and that is here a deep
valley coming down in this ; and
that iipou these inequalities and moun-
tain sloies large masses of suow have
accumulated. That snow will remain in
ita snowy condition a bights, in the
latitude of 4o" for instance, above VHHsl

feet : o that everywhere alsive that
level is perpetual snow resting
upon the ground. Yet that snow has
not everywhere the same degree of com-

pactness and solidity. The lower
it is, the more Ik it exposed
to the slight ohauges of tempe-
rature which affect the sides of
the mountain. The snow will lie affected
less at the hight of 8000 or 11000 feet, aud
less and less as we go higher and higher.
Ou ancending some of the Ice peaks in
Switzerland, highest in Bernese
Oberlaud, the Juugfrau, I have been able
to trace all these changes of the atmos-
phere in the ice. At the lower end of
the glacier, we find tbat gradually the

is taote j j. and contains a larger
amouut of .fragments iu a snow-lik- e

mass, and theu gradually assumes some-
what of the character of a loose aud

snow, aud theu gradu-
ally the condition of pure suow no
longer Id the condition of loose and
feathery tlakes, but reduced to a coudi-
tion rewnibjiug frtizeu suinl. Much are
the differences iu the character of
ice; and with iheiu arise also differences
in the aspect of the ice. Snow is white
because of the large amount of particles
of air which it contains iu its crystals.
If we pleas snow, ami expel from
it iu that manner the air, we render it

less w bite ; and if we dip snow iu water
aud press it afterward, so that water
may replace the air, it loses more and
more of its white appearauee, ami be-

comes wore transparent, iu proportion
a more air driven away, aud us
iae Is freer trow all particles interfering
with the tian.-pareuc-y of the mass, the
more doe it assume a greenish or bluish
tinge: and ttnally when it is perfectly
,.i,r,Hud perfectly compact, ami when
I.above the of the sea, warm winds it has very few fissures through its mass

melt

southern
the

the

the

the

it assumes a Utep nine cauui, is
its natural color. Water, In its natural
condition, when in large masses, is blue,
as gold is vellow, and silver white ; and
the ice of the glacier, when it is porest,
iias alwavs that MM appearanoe.
It is not the result of the reflection
of the color of skv, but it is its
natural color. And ice has that beaut -

ftd bluish tinge, even wheu the sky
lorni ill bioad troughs of thtae vast is overcast, or wheu it rams heavily ;

--w
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.....ri. ).,..uiiif il Hi!;r mure iratietiareiu ' irlacier. Hupraxm two livers wlm ti

ml exhihit more trinwinir colors, than into one baain, and wiiich unite. Tiie
when all the liarticlrs tht; re in a tt waters itnwiDg Into the two rivers by the

(leeomnoitmii at th aur'ace have two atdea which meet become the
heen washed ly heavy rain. Do not center of the river. Ho It Ik with

thtn, that yci have wltneeeed glacier, as they meet here. The
th glaciers to advantage, when you right side thin one, and the left

have walked to the foot of them and side of this one, unite; and w? have now
witneseed the nowy splendor their here a mas-o- f nulndera which are io

In order to have an idea what center of the glacier, and which move at
glacier really is, jou ojusC see It un the late of the snow; so that all theli. e

,1,-- r a i,osi:i e coodilioiif oi m aiium- - ini(r:iin wnn:u nie .pn
.1 .IV...

is am feet, the of and the tne "r""
little eniiy -

theee

the
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the
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forms
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sheet

frozen

hazel

the

the

there
way

ruination hv the un. Just as tne ocean uurtng me suiumei, or ic mnu iilooks differently under different tondi- - during the winter, at an average rate of

tions of agitation just so does one and 250 feet iu the year : so that in ten years
the sameg'acier look differently. When they will have moved ii.iUKI let. ..u

it has lieen melting at the surface under see, therefore, how rapidly these boul- -
, .1 ....... 1. .1... ...It l.A ,nn,luiSo,l tr, tl,A 1..U' T ftKllt

a hot H1IU anj a succession oi maws, n ,in., ,in. -n- -y "21
looks like a withered mass of sr.ow it of the glacier, and fall over its edge and
hiokrt tike 9. decomposed accumulation
of dirty street snow, after it has
been melting for some time, on tne
contrary, let a heavy rain fall upon it,
and then all its surface becomes tine;
the dirt is washed away, and its glowing
colore are brought out ; acd under these
circumstances you should attempt toaeej
them, it you want to set them to the
heat advantage. There are some phe--

nomena connected with the transforma
tion of snow Into ice, so that a glacier

which frozen
the sky, iuto the results of

the ice. into these compact upon the the
ice. anil inr

part

the
the

the

the

the the

the

but

the ice

air
the

egg,

of

by
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mnv be recoirnized at all times. I y

represent two glaciers, in t different
positions, so tiiat I may f;ive you some
idea of what they are. H ippose I make
a section across one of the valleys which
are octMjpied by large Racier. We
havj here illustrating the mountain
slope; here, i.he bottom of the valley;
and here the suface of the glacier
which occupies that valley ; and hero the
mountain peaks which rise upon the
sides of glacier. I will suppose that
that valley is MO feel above the level of
the sea, and "hat surface of the gla-

cier is 80S or BO feet above the bottom of
the valley that is. iilacier has a
thickness of 308 or 000 feet. I will sup- -

too, that there say Jts.Hi of slate, one and one of par- -

lieaks rising above its surface. w, i

will represent the same gliicier as seen in
profile, as coining down from the moun-
tain into the valley, this being the bot-

tom of the valley, slanting from the
summit of - mountain toward the low-

land. I will represent her. surface
as covered witu snow, nan gnuusury
eovered with mass a more icy char- - mulatioti of such materials the
acter. extending down in Ihis way until
it terminates in this mann sr continuing
his illustrations upon the blackboard.
I will aiso represent the same as
seen from the surface, so that we
shall have as it were ii geograph-
ical map of the glacier. Soppotta that
I represent here triaugulur premoni-
tory of a mountain chain, her another
mountain chain, and here a third moun-
tain chain. Here is a valley, and here is
another valley. This valley is occupied
by glacier, lardly yet transformed into

but already lost in are easily distinguished from
measure its snowy characer. This val
ley is occupied by another such accumu-
lation of snowy ice, which is gradually
(mssing into the character of ice. These
two arms of the glacier here meet
together, and form one great glacier

iue the ice left your door, valley, which is
upou
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the

the

the

the

the

the
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ice

the result of the conjuu;tion of these
two valleys. What will take place here ?

From all thee mountain ti les there aie
coiistanily failing blocks of loose mate- -

which separate moving. forward
mountain in const tpueuee or tne u

of rock; and masses of
stone considerable dimensions may
drop down, sometimes as high as a
house and sometimes of smaller
dimensions. All these masses
be arrested as they reach bottom
of the slope of accumulated ice.
Suppose T represent here the masses
rocks, the results of the disintegration
which is continually going on, as a!i
mountains are constantly falling to
pieces. In consequence this disinte-
gration, immense are rolling
down at all times. We find that
mass of loose materials and boulders
accumulating fr ini any glacier is very
extraordinary. I represent here all kinds
of rocks accumulated upon the edge of
the glacier iu consequence jf this process
of disintegration. Where in this profile
view, will these rocks be arrested ?
Here, at the point of contact between

ice aud rock. I must ssy a
word about this before I proceed. I

have represented the glacier as
arched higher in middle
in the center. Vou see at once
why this should be so. The sun
shiuing against the walls will heat the
walls, ant4 artbe point of contact with
0k ice, there is a higher temperature
than at some distance from it. The
natural consequence is tl at where the
glacier rock, is
melted down is rounded i ff, while
the center remans permanent. Now,
when masses at rock full tlown the
mountain jrfnpe, they are arrested in
these troTis, between the snow and

rockfj; we have generally here
at jtfnction. between stone walls
forming the sides of the viilleyn ami the
ice itself, thee accumulations of rot k :

thev are sometimes so extensive
that they form wails of fifty or one
hundred 01 more in thickness or
width. Therefore, all along the glacier,
everywhere upon its sides, do we find
thee accumulations and as these boul- -

tiers are fragments which broken
fn m they are aug- -

ular? The whrle of these accumulations of
Itsise materials which the sur- -

face of the glaciers are aniiiilar houltlers.
whoie glacier moves, and moves

I shall see the of special rate.

shall
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It moves for various
reasons. In the tirst place liecause of tne
slope ; but that is not, as we shall pres-
ently see, the principal cause. It moves
in consequence of the freeziDg of water,
resulting from flowing, aud which, while
freezing, expand, in a.l know that
frozen water mon space than
liquM water. If you allow water to
freeze in a bet tie which ie corked, the
bottle will burst, because ice occupies
more space than water. The amount of
water which penetrates the ice of a gla
cier. and penetrates turmigh
onlv that which results from the melt
ing of the ice : but whenever, lusttad
of snowing, it rains upon the gla
eit-r- , theraiu penetrates into all thehole
and iissures in the i e, sinking until it is
arretted hy the snow ; :ind then, of
course, iu the course of time it will
freeze, and tm freezing it will exptmi,
and the natural MMtCJHMa '1 expan-
sion is motiou. The motion must take
jilace-i- n the direction of tile least resist-
ance tbat is, down thevUley; ami the
natural consequence of ai this is that
no glacier is a stationary mass of ice, but
is an ever moving mass, the rate of its
motiou being proportional" to the buik
of the ice. The middle part of the ice,
therefore, which is thicker, moves faster
thau the sitliH, which are thinner, and
t lie middle part, being the most porus,
moves faster ban the iipptr part, which
i srus, but allows the water to pass
right UmMjfk, and faster, also,
than the lower p:irt, which is more com-pse- t,

while it a great quantity of
water. Here I speak from measure-
ments which I have repeated for ten
years, ami fat Is I have hai an

of observing with the utmost
accuracy, ant: which were controlled by
tngnoraetrie surveys which 1 had made
apsm the glaciers of the Alps. So that
there is nothing theoretical in what I tell
vuu respecting the motion of the gla-

ciers iu this region. Suppose this to
represent ridges of mountains in the
Bernese Oberland ; this one representing
the Wetterhorn, ami this the Kinsleraar-hor- n,

and y.u have here a glacier which
I have surveyed for everal yiars
;n succession, every lsiubier upon
the surface of which Mood promi-11-

utly being surveyed ami its position
determined with reference to the side
of the valley, so that the change
of position during oue year might be
compared with changes in other years,
aud so that changes might be compared
which occurred indifferent parts of the
day. Thus I have ascertained and det-

ermined-tli4' change which the glacier
undergoes during its onward movement,
the result, briefly stated, being this :

that in this region the movement
about 2S0 feel in the year, in the center ;

and the movement tlown lu re may be
1st) feet in the ceuter ; t.ud the move-
ment at the 1 iweretid of the gla.-ie- will
be perhaps uuiy 7A feet a year iu the
center ; while the movement up here
may not be more thau SIX1 feet, here uot
more than 1,30 feet, and utill higher up
uot more than 20 or TU) feet in
a year. All this results from tbe
compkctuess or porosity of the iue,
its capability for tiie admiusiou of water,
to be frczen taere, aud by its expansion
to products gaption in the glacier. An-
other fact is lhat the sniis move more
slowly than the cenu.-r- . I have had
slakes placed on two jiatallel lines, all
across the glacier, and al rlmrt intervals,
bo thai there were over twenty stakes ou
each line; ami 1 have had them meas-
ured ut repeated intervals : and I found
tiiat after a year tin se slakes woultl pre-
sent a curve like that ; that is, the

had moved the fastest ; aud on the
sides the motion had betu less ; so that
upou the the animal motion was
hardly than ten feet, even here,
where in ihe center the motion was
feet. Now the masses which fall upou
the will move s.t the 1kte at
which Ihe c3rresHudiug parts of the
glaciers more in consequence of
their peculUr structure. We shall
tlud that tmuldirs which fall here
move very slowly along the edge,
ami coine down to tne l.wer part of the
glacier after a very long period. The

i same wjll b ' bp case with the boulders
and fragments of rocks wtiich are upon
this side, all along (lie margin of the
glacier the uwtiqi being very slow. But
you see that what is hero margin, aud
moves slowly, indicating the inner mar-gius-

the two uuiii'ig glaciers,) when
the two branches of the glacier meet,

the reutcr of the eorarr.i.ii
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loose materials.

accumulate

as a concentric ol natl tbem then, that the
These accumulations of glacier, by some peculiar condition

loose mat-rial- s from a glacier have re
ceived names. They are c illed moroiim.
We have here upon oue side a lateral
moral ii ; we have here another lateral
morain ; and two latter moral ns
form in the center of a media! morain:
and that media! morain, falling over
the lower end of the glacier, derived
from the union of two lateral morains,
forms what is calitd a termiual moriau.
Suppose this ice melts awsy. We should
see the materials straugely arranged nn
the bottom of the valley. We should
have a large accumulation of material on
the sides of the valley, and not iu the
center. We should have everywhere
angular boludera, and we should have a
wan across the vail y at the lower end
of the glacier, and we should have in
the center a wall of equal boulders, dis-
tinct, perhaps, from the others. Now,
suppose the mountain was granite, the
whole of this row of boulders would be
granite. Huppose we have here bl ick
slate, the whole of fliis would contain
black slate. And suppose that here
there were red porphyry, then
these boulders would be of red
porphyry. Thus we should have
three morains of different character,
parallel to one another, one of black

are feet of jranite,

th

murgln

phyry ; and at the lower end, a trans
verse wall across tne valley, cotnpost--
of these various materials combined to-

gether. Another thing takes pla-e- , as
tile glacier moves iu this manner

Fragments of rock slip between
the ice and the rock ; and we have a
similar and uot an inconsiderable accu- -

a of between

a

of

ice on the hot torn of the vality audits
sides. As the glacier moves on it is set

stones on its whole under surface ;

and thus it rasps or grates upon the
rocks over which it moves, so that a
trlueier coming down a valley is like a
tile set with diamonds, which are con-
stantly grating upon the rocks,
constantly grooving, furrowing, pol-
ishing aud scratching the whole surface
which is in contact with the onward
moving glacier. The effects of this me
chanical agency are so peculiar that they

ompact ice, having a any other

glaciers

ind of abrasion. I have frequently gone
under the glacier. I have penetrated
uuder them upon the side, from the
lower extremity, aud through cracks in
the mass, when it was sometimes gaping
sufficiently to enable one to descend
tbem. Aud I have seen, wherever there
was such an opportunity, how exten-
sively the lower surface of the glacier is
studded with fragments of rock set in the
ice in a manner which prevented their

riul, from the wall of the Thus carried with the
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glacier, vou -- ee w hat a tremendous me
chauical effect it pr.v.iucc. It w ill
polish down the rock, aud grind up the
minor particles until thev are re
duced powder, consist arrival Rio Jaueiro, I examined
nofter trrcuutl bv i.rc-Biir-

Harder stone net like iiitui.mil. iu the
ice will make scratches, ami those
scratches will he deeper ami lmc'er in
proportion as the harder fktgJMMOl of
rock are larger, and occupy mure uHCl
so that moving bodily they may make
deeper furrows. All this mat- - ba seeu
tinder the glaciers, ami sometimes tinder
ieculiitr. circumstances, niter a more
than usuaI motion. I have found the
H)Wilcr resulting from the riodiof just

in advance of the mass wnich bad pco
duced tne luotion remainiug there in
front iu the morning, after a frost,
so that I can say I haVe seen the glacier
at work doing this kiud ol work which
is so characteristic. iSuppose this whole
mass melted away, anil what should we
see '.' The surface of the rock p ilished in
a way which nothing else could pro-
duce; that polished surface w.iulti
exhibit small scratches renuiiing
from the small particles of hard
material ; it would exhibit deeper
scratches produced by the action of
larger pebbles, it would exh bit
larger furrows resulting from the action

larger mases of rock. All this is
abuts against th? it easily recognized, aud you see I have
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therefore two signs by which the pres
ence of the glacier may he traced, even
if the ice shotinvdisappenr ; one, the pe-

culiar accumulation of loose materials,
of rocks that have come down from the
mountains and accumulated on the edge
of the ice anil upon the surface, and the
peculiar kind of grinding which the sur-
face of lheriM-- exhibits from its contact
with the it. Historically we have

that the glaciers haVc not al-

ways been limited within the iionmlaries
they now occupy. The travelers ou the
Alps in the thirteenth, fourteenth anil
fifteenth centuries, and more particularly
the in vestigatorsof the sixteenth century,
who liutjkalreaily begun to explore the
Alps to.Jf .dy the phenomena of the moun-
tains, have left us records of the exten-
sion of glaciers within the Alps, anil
their statement show that where we
have now glaciers, there were larger
glaciers formerly. According to their
statements we can trace the concentric
terminal morain beyond the pTMIl
boundaries of the glaciers. To make a
loug story short, I would ssy that thee
phenomena have been traced ftTOM the
valley of Switzerland to the summit of
the Jura, ami that we have the evidence
that once glaciers occupied the whole of
this extended plain across the valley of
Switzerland and abutted against 'be
Jura. Prof, (fuyiot, who ba studied

it, is not the transportation of boulders acao tin
plains more minutely than any other,
has demonstrated that each valley
from the Alps has on each rin
rows of boulders, which ex', ini
acrois the plain of Switzerland, from
the Alps tu the Jura, so that the
facts which I ascerta4Bed within the
Alps, antl those which (Jityiot ascer
tained while in the plain of 8 rtw riant,
coincide to show that this w hole arrace
of country was once occupied by ice, ami
we know the course it has followed by
ihe rows which these dillerent sets oi
houltlers present across the valley of
Switzerland. Now, the history of this
study had gone finis fur when it occurred
to me that Switzerland could not have
been alone so much colder than the rest
of the world when country
-- bared the temperature which prevailed
there to the extent of malting these
great glaciers possible. When the valley
of Switzerland, between the Jura ami
the Alp, was full of ice to a thickness ot
:'.0()0 feet, the plains of (iermany, of
Fiance am! of Italy could not have Isen
enjoying the temperature now prevail-
ing there, nor could the north of Kurope
have enjoyed tiiat climate. It was then I

tboughl there was enough in iti! (best
facts to make it probable tbat I should
lind the traces of glaciers in K.tglautl.
A early as ) I started on a bunting
excursion for the tracks of glaciers
through tiie British islands, and Do
sooner had I reaclntl the highlands of
Westmoreland aud afterwards proceeded
to those of Scotland and Ireland, thau I

found everywhere the same signs of
glaciers, th" same marks, the same pol-

ished the same lateral morains.
the same concentric lOMitalM at the foot
of the glacier in fact, all the evitient-c-tha-

the low land of K: giatil, where
the snow never remains in summer
mm once occupied by glaciers of stuli-cjeu- t

dimensions to have reached the
sea shore. Applause. Now, we have
proved why other parts of the worid
inuit have been coid, for KuroK alone
could uot have been cold, and North
America enjoy a warmer temperature.
In 184n I came to this continent, aud
the tirst walk I took iu Nova
Scotia, afew hours uf er the arrival of the
steamer on which I was a passenger at
Halifax, I saw the well known tracks of
glaciers, marks all over the hills Ap-
plause. 1 became Katittkd then that
the climate of the earth bad undergone
a stupendous change, aud it was not a
local pheuomeuou, or the higher eleva-
tion of the Alp--, as it was first U p J,
which had held the glaciers of Switzer-
land, extending across the plain of
Swilzeiland to the Jura; but Wt bad
here the evidence of a Breed revolution
iu the history of the earth, showing that
from a very warm climate, Which

pheuomena show ug our earth
hail enjoyed before the temperature
had sunk far below what it is now, it
rose again to its present condition. I
will not tire you wiih many
more details ooaoeruiuc thia sub-
ject, but I will say that a few
years ago our evidences went
.inly to this extent that glaciers had
covered the whole of temperate North
America as well as the whole of Kurope.
I have traced the marks of glaciers, and
other geologists who have followed in
these investigations have enim-ide- with
me in my interpretation of the facts.
have come to the conclusion that tile
whole of North America has been cov-
ered wilh the ice down to latitude 3b",
may be to S2', tbat is, to the latitude of

harleeton, South Carolina. I saw,
when iu Columbia, ijouth Carolina, un-
mistakable marks of glaciai action. I
have aeen tbem; on the banks of the
Ohio. I have seen them iu the western
states, aud I could not resist the evi-
dence tbat to that latitude on ibis conti-
nent the climate had hsn low enough
to sustain glaciers as Ihey are now iu
Greeulaud. But here a great dill)

of the facts, and
one of the most
jections to these

it was made temperature gradually rose, the masses
constant oh-- of

generalizations, i circu
mere are uo bills from which thene
glaciers could have descended here no
mountain ranges upon the summit of
which snow could have accumulated and
moved down to this low latitude How
was It that a glacier moved on am even
surface ? No on was prepared for such
a question, whi.-l- , was very natural, bnt
the phenomena we see usn the rocks
lead me to IhU conclusion : that though
we have nowhere iu the Alps glaciers
'vlneli move on level ground, yet marks
of glaciers on the level surface of the
amidol .i!w xom, along the lakes, and
everywhere iu the west marks wtiichare so identical with glacial marks as to
be sufficient to satisfy the sound mind ofa carefti! observer that thnuirh we dav
now no Kiicicis niovimr on a nlafn

wan we and

will

and

anterior to our time, must have
been capable of moving on plain
surfaces. A Danish naturalist has since
given us the evidence-th- at in (ireenlaad
there arc such glaciers moving upon even
ground. The question arises, by what
force do these glaciers move? It t weli
known that the temperature varies ac-
cording to the latitude ; that it is culiler
further north and w armer further south.
It is npially well known that the amount

H ! mire which accumulate in th at- -
- here is unequal according to Ihe

latitude. 1. U , q iaily well known tbat

further south. These are all the eourfl-- 1

turns w want. This snow being trans-- 1

formed iuto ice, and under the influence
I have descrilied, will heein to move,
anil it will not move northward, tie
cau-- c lhat would ba contrary to the
influence which produced the move-
ment; but It will move, suuthward
naturally, and so there is no objection
on lhat score to the conclusion thatglaciers have once existed up n
theggj level surtat:es, moving southward

glaciers must oe considered mete-
orological phenomena akin to the motion

ante currents, which mvf)n the
di.eei.ion iu which the equalization ...
temperature takes place, as this is from j

the north southward. Bat t;u4itioumay l.e AVked to what extent have i

masses been accumulating. Obscrvaii Mm
which I made a few years ago in t in-

state of Maine satisfied me t ita;
in that section of the awtaar

must have been something Jite riKKi feet
in the.r thickness, and I am satisfied now
mat we have had snow fields upon this1
continent c. wring the land to the depth
of 1 'UK) l)r liiotl feet. This snow trans- -
formed into ice, the pressure of the
ice upon itself and the unequal penetra--
tion of water through the mass, U lu
i:.-- i it a sufficient MM to have deter- -'

milled the onward movement from north
tu south. Whether tills explanation lie
tiue or not, It. is certain that over all this
continent wm have unmistakable marks
of giaciul action. We have these pol-
ished surfaces fmm the Arctic region
down to latitude 32. Wa have tfcis
grooving in a north southerly dircctioo,

d .ve have, more than that, an ini- -
mciise mass of loose boulders over the
whole surface of the continent, all of
which can be traeel to rocks resting in
i.!c-- s north of the position they occupy.
Now ajl this the motion has been
from the north southward, and iu refer-
ence r the changing temperature on
our earth, that evidence is enough U
justify the conclusion that im-
mense glaciers have extended oVc-- r this
continent to the latitude I have meu- - j

tinned1. So far was J assured ty this
'. , ;4iat when I went to Brazil
two yean, ago. ou the first week of mv

to when they of at de
the side of one of the beautiful mountains
which rise above the Ray of Bio, ami
there found unmistakab.u traces of the
former action of glaciers aud their
presence tiieie. We must therefore ad-
mit that the earth was at one time cold
enough to allow the accumulation of ice
within the tropic. If I were to state the
character o! the evidence, i shoultj ,.y
repeat the facts which I have stateoTwith
reference to the pregence of glaciers with-i- n

the valley of Switzerland and iii.oa
the plains ol this country. I might say

traveling Iron anJ Work,
!

r a . .
1 uiiw tn-r- ceqetKi to trace tiie amc
fact, mid ar.or visiting the valley of
the Amazon, I have become satisfied
that once tiie whoie vailey of the Ama-
zon was occupied by astupendous glacier
coming down from the Andes and reach-
ing to Ihe Atlantic. I am convinced
tbat all the loose materials which form
uow the but lorn of the valley of the
Amazon, are mateiials which have been
ground by th it ice, and scattered e 'euly
over the whole in the same manner
as the valley of the H'.ime is now occu-
pied by inud and clay, which were once
ground in Uta Alps, and have been
brought down by the waters from the
glaciers of that region. But in the valley
of the Ami, .11 1 am satisfied that the
glaciers themselves covered the land,
'hie olaas of the glaciers is wanting; no-
where are the surface of the rock pol-
ished liecause everywhere the rocks ex-
posed to the action ai the tropical sun
ami tiie warm rains are Ho discomposed
thai they disintegrate to a consid-
erable extnt. Y;-- the charnctcr of
lite inequality is that of this rounding
motion, which we have everywhere
where glaciers have keen at work. But
the morains have been at work. The
nature of the valley has satisfied me of
the former presence of the glacier.
though I bud. as I have said, none of
these direct evidences arising from the
character .if the rnehv sllrfftce. htll o
the imlirect evitlenee of the tritut'aVW
ma.--, fait Mis) to my familiarity with
those fads, I imer that the irlHcier of the
Amaz u musi have exteudeal here

V ' 'o 'he northern boundary ot
fs'lh America on the map', in order to
li e produced tnis anil that
ou the rising ground outside I the bot-
tom of the groat AaaaaoaiaB valley there
may lie traces of the antl termiual
morains of the immense glacier. I lo-

cated lhat ttrmint'l morain in .Sierra in
a lecture which I delivered at Para before
I had Visited Si. rra. I told them lhat
traced of thai morain hhould be
found there, and when several
weeks after 1 visited il I found in Sierra
such tracts of glaciers as can fairly be
compare with those which are set 11 in
'in- - imiucdiaie vicinity of the Alp, or
in our KgMM where the ancient murks
ot gloat aj .ire m -t distinctly observec.

1 auto. Il A iuid lead iue loo far
were I liii.n v!!1 nil the evidences, but
ttiere are a few fuefs to which I would
allude. Yoti must lie struck with one
fast if you Mat at the mouth of the
Amazon there is no delta there. The
liniittsi river on earth, carrying a larger
amount .if mud than any other is
destitute of oeita, while t'ae Nile, tiie
Mississippi, the tiange all the treat
streams uf our globe iurcje glaUas
formed by the of loose
uiHteriiils which drop at their cxtn mity
where the water ceasi-- to rtm with
-- uilicieiit veltHfiiy to carry the
materials forward. What - thai
iiwiiic; to.' The nature of the
coast, which is
i.."-- e materials
L'lin ier and aceia

Md solely of the
rated by the
ug the shore

The evitlenee of these glacial depos-it- in
all the ri ver bottoms of South America
aaS I have seen then! on
the Hio N.air.i, nn the i'uius, on the Ma-
deira, on the Tapejos, ou the Xingus, ou
the Toeantrua, uud on other rivers,
everywhere luariu tiie same character
and sbooing that one antl the -- atne
agent has boan at work in lormiug these
depneittL The same materials art alio
found in other valley.-i-n S. uth Am ru t.
If these loose tnaierlala have been re-

moved f.oiu the Amazon, il is onlv
their They

siicii material as uieir r.clt: will pr.

uot pound down, ami they are
accumulate: in the manner in
which the loam is accumulated iu
the valley of the Ithiiie iu oue day.
We have thus the evidence that the
oce-t- nsAMdM oc this coast at such a
rate that a band of MB miles has been
remrrved from iu front of the val ey of
the Amazon. I was induced to make
this search for it was uot au accint-uta- l

discovery after the amount of ooast lost
by the encroachments m --the Atlantic
upon the mouth of the Amazon by :

I have observed iu our own couu-ti-

All the islands along the coast of
Msine, along the hay of Massachusetts,
and south of the shore of Connecticut,
Long Island included, are covered with
loose materials of a glacial character,
which ate of the same Kind as those rest-

ing on the continent, aud of the same
bight, m ..wind that the sea miutl have
washed that which is wanting for the
level on the continent, and the level
on thtso islands couid uot have
been maintained the same by
the onward movement of ulat'iera if
there had been breaks there. This fur-

nishes us the evitlenee that all the.se
isolated parts of laud which stand out iu
the ocean were once portions of the con-

tinent connected with it only by the
loose njaterUis pushed forward by the
glaciers. And if I may be to
conjecture 1 will say that the line which
I ascribe to these accumulations within
the limit of soundings, is along a line
where the depth is from twenty to thirty
fathoms. To that distance, say from
twenty to thirty miles, the continent has
at one time extended in ihe form af drift
accumulations, ami the bay ol I'mniv
on the coast of Nova Scotia, tiie bay
of Massacbuseits, the aound aud
all the bays of our great rivers empty-iu- g

iuto the Atlantic, were once tilled
with loose materials ty this iumensesea
of ice advancing toward the ocean, antl
it was when the ocean began to gain on
the relre&liug glacier that these loose
materials were moved out. and the melt-
ing of the ice made room fur the accu-
mulation of fresh water upou the sur-

face, and then freshets have taken place
which have hoilowoii every river stream,
ami flu- - surface of the laud has beeu

eully arosa ia ttie iotprpretationg carved to Us pMMtjBaBjiUUBat. Aa the
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